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(54) Method and device for controlling a technical process 



(57) The process variables are measured as data- 
sets, compared with historical data sets and/or com- 
puted to getting control parameters for process optima- 
zation, whereby the data-sets are stored and only such 
data-sets are chosen, which fulfil the goal. In respect to 
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the invention cases are stored as points in m-dimen- 
sional space. The device has a case-classifier, a work- 
ing data base (WDB) and optionally in a historical data 
base (HDB), further a case-selector and a modeller. 
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Description 

The invention relates to a Method and device for 
controlling a technical process, especially batch proc- 
esses, e. g. in the paper manufacturing industry. s 

In the unpublished european patent application No. 
93 1 1 8 903.9 a device for controlling a technical process 
is proposed, which has a case generator, one or more 
databases for storing datas and a case selector. The 
measured values are compared with the stored datas, w 
whereby through mathematical operations a comprimed 
data-set is generated. From latter data-sets control sig- 
nals or advice for recommented process settings and 
expected results are derived. 

Main object of this invention is to develop the pro- is 
posed device with further features. Another object is to 
correlate the data compression method with a cost- 
function 

The objects are verified by the invention claimed in 
the patent claims. 20 

The best mode of the invention is described by an 
example with the figures. The example is chosen from 
the paper industry. But also in other processes the 
invention is to be realized. 

25 

Short description of the drawings 

FIG 1 shows the weighting function used in the new 
method, 

FIG 2 shows the design of the new device, 30 
FIG 3 shows a working plan used in Fig. 2, 
FIG 4 to 7 show the method realizing data-sets of 
the paper industry. 

Firstly the TERMS USED in the example are 35 
explained: 

Tag 

A tag is a number associated with some process 40 
parameter, either a setpoint or a measured value. Val- 
ues may be measured automatically or produced by 
manual input of laboratory data. Some of the measured 
values are quality parameters, which are used to define 
the desired operating conditions of the plant. 45 

Case 

A case is a set of tag values for one aliquot of sub- 
stance (a nominal wood chip in a pulping process, a so 
fibre in a paper-making process) as it passes through 
the plant. The values of some tags may be marked as 
unknown, as some laboratory measurements are only 
taken occasionally. 

55 

Complete case 

A complete case has values defined for all the tags. 



Incomplete case 

An incomplete case has the values of some of the 
tags recorded as unknown. This may be because they 
have not yet been measured, but which will be eventu- 
ally (they may represent the results of a laboratory test 
carried out at monthly intervals), or possibly data which 
will never normally be defined, e.g. representing the 
reason for a client return 

Running case 

A running case is an incomplete case for one 
aliquot of substance at some intermediate point in the 
process. Only some of the measured values are present 
at this time, and the user will require advice as to what 
setpoints to use for the remainder of the process. These 
new setpoints, and the remainder of the measured val- 
ues will be added to the running case to make the com- 
plete case. No values already present in the running 
case will be altered in the complete case, as these val- 
ues represent values which have alreadz been meas- 
ured, hence are immutable. 

Case database 

At its simplest, the case database is the set of all 
cases that have been observed for the plant. In more 
complex implementations, only representative cases 
are stored to improve search performance. 

Existing setpoints ~ current values of free setpoints 

When a running case is submitted to the system, 
and the user requires advice on the setpoints to use. the 
answer will be dependent on the current values of the 
setpoints. In a batch process, these will be the setpoints 
used in the previous batch. These setpoints do not form 
part of the running case, as they may still be changed. 

Cost function 

Some of the tags in a case represent quantities 
which have a financial cost, e.g. steam consumption or 
starch usage. A cost function is defined in terms of 
these tags and of the production rate to give the cost per 
tonne of product for a particular case. This function may 
be a linear function of the tags (e.g. starch has a fixed 
price per tonne), or may be non-linear (the fuel used to 
generate steam may be derived from the raw material, 
hence "free" until so much steam is used that supple- 
mentary fuel much be bought). 

Condition 

A condition is a range of permitted values for a 
quality parameter - it may be less than, greater than, or 
between stated values. Conditions are used to exclude 
certain cases from consideration in optimising the plant. 
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Target value 

A target value for a tag is an optimum point of oper- 
ation. Cases where the actual value is not the same as 
the target value are never excluded from consideration 5 
for this reason alone: instead a weighting is applied in 
order to assign a numeric significance to the difference 
between the two values. 

Weight 10 

When assessing the significance of the difference 
between two tag values, x 1 and x 2t a weighting function 
w(*)is used. This takes account of some quality param- 
eters being more important than others, and also of a is 
unit change in one range of a single quality being more 
important than in another. In the general case w(x) is 
non-linear, and different tags have different weighting 
functions. When a case is used, the raw tag values are 
mapped to the metric values, and only these are used 20 
for the calculations. The weighting function for any tag is 
monotonia and may be defined either as a smooth 
curve, or as a series of line. segments approximating an 
ideal function. 

25 

Metric distance 

The metric distance between two known tag values 
x 1 and x 2 is defined in terms of the weighting function 

as being: 30 

d=lw(xj-w(x 0 )\ 

The metric distance between a target incomplete 
case definining values for different tags and a trial case 35 
is defined as the root sum of squares of the differences 
for the values and target values for each tag used. The 
target incomplete case will not define all possible tag 
values in the general case: in practice, the target values 
will usually only define values for certain tags associ- 40 
ated with quality measurements. Tags which the target 
incomplete case does contains, but for which the trial 
case contains no values, may be treated in two ways: 
(a) a maximum separation is assumed, i.e. the missing 
value is assumed to be that value which would give the 45 
largest difference possible given the form of the weight- 
ing function; or (b) the case is simply rejected. 

Goal 

50 

A goal defines the required operating condition of 
the plant for optimisation. Three types of goal are 
defined: 

1 . "Nearest goal" • a goal of this kind consists of a 55 
set target values for tags. It also contains a set of 
conditions, but this set may be null. Cases which 
satisfy the conditi n set are ranked according to 
their metric distance from the target set Selec- 



tions are made only from the cases already 
observed in plant operation. 

2. "Cheapest g al" - a goal of this kind conists only 
of a non-empty set of conditions. Cases which sat- 
isfy the condition set are ranked according to a cost 
function of the tag values. The cost function is 
defined independently of the weighting. Selections 
are made only from the cases already observed in 
plant operation. 

3. H New-case" - goals of this kind are similar to 
either Nearest or Cheapest, but the cases to be 
produced in response are predicted cases, not 
cases actually observed. The system predicts that if 
the given setpoints are used, the stated quality 
measurements will result. 

HCI 

The HCI (human computer interface) is the part of 
the software with which the user interacts, setting goals 
and receiving recommendations. 

Plant model matrix 

This is a matrix of numbers which represents how 
one tag (e.g. a quality parameter) varies for unit change 
of another tag (e.g. a setpoint) in the region of the run- 
ning case, together with the range over which this pre- 
diction is valid. In general, the relation between tags is 
very non-linear: the plant model matrix is related to the 
partial derivatives of the relations. As such, a different 
plant model matrix must be generated dynamically for 
any running case from a non-linear model, which may 
be represented by a technique such as a neural net. 

Case selector 

The case selector is the software module which 
recommends a case (or its setpoints), on the basis of 
historical information, the running case, and the goal set 
by the user. 

Case-based learning 

Case-based learning attempts to produce solutions 
for new-case targets, using the case database as a 
knowledge source. Classic CBL implements a learning 
cycle: a Planner produces a plan (corresponding to a 
solution or sequence of solutions to a new-case target). 
The plan is implemented (possibly by modelling, but 
usually in the real world), and the results compared with 
the required and predicted results. A Diagnostic system 
is used to determine the cause of any deviation from the 
expected performance, and this is used to revise the 
Planner's knowledge-base, which will have the effect of 
producing a revised plan at the next iteration. 
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Afterwards THE DESIGN of the device is 
described: 

Figure 2 shows a general overview of the design. 
Cases are received from the plant interface. A software 
module (the Case Classifier) determines whether the s 
case is within noise limits of previously observed cases, 
and if not, adds it to the two databases used by the sys- 
tem. The databases are (a) the. historical database 
(HDB), which holds all the cases observed so far; and 
(b) the working database (WDB), which has com- w 
pressed information about some of the previous cases. 
The WDB is used for efficiency during queries: a variant 
system can be implemented using just the HDB. A new 
WDB is produced by compressing the HDB, either at 
regular time intervals, when the size of the WDB passes is 
a certain limit, or when triggered manually by the user. 

The WDB is used to provide training data to a sys- 
tem modeller. This modeller may be implemented by 
neural nets or other means. 

The Case Selector is the part of the system which 20 
recommends new settings. This module takes several 
inputs: (a) a goal: (b) the WDB; (c) a plant model 
matrix produced by the modeller which represents how 
one tag (e.g. a quality parameter) varies for unit change 
of another tag (e.g. a setpoint) in the region of the run- 25 
ning case, together with the range over which this pre- 
diction is valid; (d) the running case; (e) the existing 
setpoints. 

The Case Selector produces two outputs: (a) the 
recommended settings; (b) the quality parameters pre- 30 
dieted if these settings are used. The recommended 
settings are implemented, in whole or part, by the user. 
They may also be implemeneted automatically by the 
system. 

Now the Differences from conventional imple- 35 
mentations of case-based reasoning are given: 

Classical CBL systems implement a cyclic 
approach to solving a problem like Figure 3. A goal is 
set. a Plan Generator generates a plan to achieve this 
goal, the plan is implemented, and the results are exam- 40 
ined for success. If the goal has not been acheived, The 
plan and the results are stored in a case database (a 
case here consists of a plan and the corresponding 
results), and a diagnostics package identifies the rea- 
son for the failure. On the next iteration, the plan gener- as 
ator uses the case database to produce a plan avoiding 
all past problems. The process terminates when a work- 
ing plan is found. 

Classical CBL systems differ from this application in 
at least four important respects. so 

(1) Classically, the Plan Generator is free to gener- 
ate any plan which it thinks may work: plans either 
work or fail to work, and the only consequence of 
failure is that the knowledge-base of the Plan Gen- 55 
erator is updated to avoid that family of plans in 
future. A much more conservative approach is 
needed for this problem. Plans, i.e. sets of recom- 
mended setpoints, can succeed in improving the 



process, or they can fail, giving no improvement, or 
they can cause severe disruption to the process 
resulting in expensive failures including paper 
breaks. Operators have a strong reluctance to try 
any combinations of settings which are not very 
close to settings they have used before, as they will 
be held responsible for problems such as paper 
breaks - this solution should be similarly conserva- 
tive in its recommendations. This requires some 
specific features in the Plan Generator to produce 
"conservative" plans, i.e. not differing greatly from 
the current settings. 

(2) When the Plan Generator component of a clas- 
sical CBR system produces a plan, the system will 
use exactly that plan. This is not realistic in industry 
- a "plan", i.e. a set of recommended setpoints. will 
probably require that the user make at least slight 
changes to all the setpoints currently in use. In 
practice a user will want to make only one or two 
changes at a time. Thus the Planner Revision com- 
ponent must cope with the evaluation of the plan 
that was actually executed, not the plan that was 
requested. However it is also desirable to produce 
plans that require the alteration of only one or two 
setpoints, and the Plan Generator will have this fea- 
ture. 

(3) A classical CBL attempts to solve a single prob- 
lem, which is set repeatedly. For instance, in chem- 
ical engineering we may sometimes assume that 
the characteristics of the input chemicals used are 
consistent, so that a given set of process setpoints 
will always produce the same results. This is never 
the case for paper or pulp production, due to the 
variation in the wood stock or pulp quality. Thus we 
have to have to build the Plan Generator to recog- 
nise similarities in the problems it encounters, so 
that the results it had from one problem are used to 
generate the plan for another problem. 

(4) A classical CBL relies on a diagnosis system 
which is used to decide why a plan failed. In the 
paper and pulp field, this is not straightforward - 
there is only incomplete knowledge of the system, 
so that explanations of a failure may not be forth- 
coming. The Plan Generator has to make decisions 
about what families of plans to reject on the basis of 
this incomplete information, while possibly being 
able to revise this decision in the light of future more 
accurate modelling information. 

The new Method is characterized by following: 

Under this method, the Plan Generator effort takes 
a running case consisting of an observation of the n 
currently known values for the case under consideration 
(e.g. moisture, chip size etc.). This defines a constraint 
space of n-m dimensions within the m-dimensional 
space representing the possible tag values (m-200 typ- 
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ically). Any proposed plan must, of course, lie in this 
constraint space. In Figure 4 we show this reduced to 
three dimensions, without loss of generality. The figure 
represents: (i) process measurement (chip moisture), 
which has already been made - a setpoint that has 5 
already had its effect would be equivalent; (ii) a setpoint 
(cooking temperature) which we are still free to alter in 
the plan; and (Hi) a quality parameter (kappa) which will 
form part of the goal. Because the moisture has already 
been measured as M, we know that the eventual case w 
when our new solution is implemented on the plant must 
include the value M, i.e. this value is no longer 'tree". 
This defines the constraint space, which in this case is 
the marked plane. 

In practice our set of past cases will not contain any is 
examples with exactly this value of moisture. A set of 
past complete cases which lie dose to the constraint 
space are selected. These cases are selected to satisfy 
the quality conditions set by the user (typically inequal- 
ities such as k >0.90). In Figure 5 we show only a single 20 
quality condition, which excludes the shaded region, but 
in general there will be several such conditions in the 
goal. 

The definition of "close" is critical to the success of 
the algorithm, and weighting of points according to sep- 25 
aration can be used. However points which lie too far 
away will be rejected entirely - this is part of the system 
which will produce only "conservative" plans, i.e. ones 
requiring only small changes from known setpoints 
combinations. 30 

These points are projected into the constraint 
space, with partial use of the predictive information of 
the diagnostic system. For instance, a case (a past 
observation) has a particular moisture value /Vf , which 
is close to but does not match the value M recorded for 35 
the case under consideration. A new lake" case is pro- 
duced from the past case (for the purposes of this plan- 
generation only) by altering the value for moisture to be 
M. However the models of the diagnostic system show 
a linear relation of moisture with another parameter 40 
kappa, the value of which is revised from fC to K. Natu- 
rally some estimation must be provided by the diagnos- 
tic system for the range over which this linear relation 
holds - if this is exceeded, the past case is excluded 
from the set under consideration. 45 

Once these projections into the constraint space 
are complete, the system has defined a polytope in n 
dimensions which bound a volume representing the 
previous observations. Figure 5 shows this for the 
example above. In this case, the cases (black dots) are so 
projects down (or up) on to the plane representing the 
constrain space. Because changes in moisture have 
been observed to produce changes in kappa, the pro- 
jection on to the plane is not vertical. The projected 
points define a bounding polytope (here it is a bounding 55 
polygon). 

If it is assumed that: (a) the selection of "near" 
points was done conservatively; and (b) the linear rela- 
tions between tag values given by the diagnostic mod- 



els are correct; then any combination of tag values 
which lies within this polytope or on its boundary may be 
considered conservative, and (importantly) appear con- 
servative to the operators, because it is either similar to 
cases that have already occurred, or is an interpolation 
between them. 

This polytope does not constrain the system to just 
produce old cases (or rather the projections of old 
cases). One of the vertices of the polytope corresponds 
to the nearest complete case which can be produced 
given the current running case. Furthermore, any point 
within this polytope may be expected to satisfy the con- 
ditions on quality parameters which the operator has 
set. 

If there is a substantial case database for the plant, 
the system may produce more than one case satisying 
the goal: any of the vertices of the polygon in the figure 
6 would be permissible as recommendations to the 
operator. However they are not necessarily optimal for 
cost, or for satisfying operational constraints. It would 
we wished to recommend cases satisfying: 

Only $ setpoints may be changed from their current 
values (the value of s will depend on the operator's 
preferences, but will typically be 1 or 2) 
Subject to the above, the best case is that which 
minimises the cost function 

The selection of the recommended settings will be 
done by iterative linear programming using s setpoints 
at a time to select the optimal settings. In practice, some 
setpoints will not be tried at this point for other prag- 
matic reasons - for instance the operator would proba- 
bly not implement a recommendation which involved 
changing the speed of a paper machine. This is shown 
in Figure 7. Note that this figure does not use the same 
axes as before - kappa is not shown, and has been 
replaced by another setpoint. The white circle repre- 
sents the current values of the setpoints for cooking 
temperature and acid relief (neither of which have yet 
had an effect). The arrows from this point indicate that it 
would alter the setpoints for either acid releif or cooking 
temperature, but not both. The choice is made by (con- 
ceptually) trying all permissible combinations of set- 
points, and altering them so that the point produced lies 
on the boundary of the polytope. Of the resulting points, 
the one is chosen for which the quantity 
(Setpoint_value[running_case] 
Setpoint_value[historic_case]) .CostfSetpoint] 
is minimised: this selects the case which will minimise 
the running cost per unit of product while satisfying the 
quality goals. Here the result is shown as the black cir- 
cle. 

Use of this algorithm directly satisfies the "conserv- 
ative" principle and the "minimum change" principle. 
The use of projected data solves (in practice, this prob- 
lem occurs even with the Early Prototype). The algo- 
rithm also decouples the Plan Generator from the 
execution of th plan and the subsequent diagnosis of 
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any failure, since the learning loop is closed by adding 
the observed complete case resulting from the plan (or 
the user's near implementation of it) to the case data- 
base, thus satisfying. 

Claims 

1. Method for controlling a technical process, whereby 
the process variables are measured as data-sets 
and compared with stored data-sets and/oder com- 
puted for getting control parameters for process 
optimization, whereby the data-sets are stored in 
memories and such cases of data-sets are chosen, 
which fulfil a goal characterized in that the cases 
are stored in a tridimensional space as a polytope, 
whereby only such data-sets which are lying on the 
surface of the polytope are used for getting control 
parameters. 

2. Method as claimed in claim 1 , whereby said poly- 
tope is projected on a subspace of the m-dimen- 
sional space and that such cases are chosen, 
which are located on the boarder of the plane pro- 
jection. 

3. Device for realizing the method of claim 1 or claim 2 
containing 

a case-classifier for running cases, of which the 
datas are stored in a first data base, the work- 30 
ing data base (WDB) and optionally in a sec- 
ond data base, the historical data base (HDB), 
a case selector, which choses spedal cases in 
respect to a data-modell from the second data 
base and derives control parameters to man- 35 
age the goal with special quality and cost 
parameters 

a modeller for choosing the data-modell. 

4. Device as claimed to claim 3, whereby the case- *o 
classifier has means for changing some setpoints 

of the cases. 

5. Device as claimed in claim 3, where all means are 
directly assigned to the plant. 4S 

6. Device as claimed in claim 4, whereby for verifying 
the goai, cost and/or the quality parameters a labo- 
ratory is assigned to the plant. 

so 
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